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Abstract: We studied an extension of the standard model with a fourth generation of
fermions to explain the discrepancy in the muon (g − 2) and explain the positron excess
seen in the AMS-02 experiment. We introduce a gauged SU(2)HV horizontal symmetry
between the muon and the 4th generation lepton families. The 4th generation right-handed
neutrino is identified as the dark matter with mass ∼ 700 GeV. The dark matter annihilates
only to (µ+µ−) and (νcµ νµ) states via SU(2)HV gauge boson. The SU(2)HV gauge boson
with mass ∼ 1.4 TeV gives an adequate contribution to the (g − 2) of muon and fulfill the
experimental constraint from BNL measurement. The higgs production constraints from
4th generation fermions is evaded by extending the higgs sector.
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1 Introduction
There exist two interesting experimental signals namely the muon (g − 2), measured at
BNL [1, 2] and the excess of positrons measured by AMS-02 [20, 21], which may have a
common beyond standard model (SM) explanation.
There is a discrepancy at 3.6σ level between the experimental measurement [1, 2] and the
SM prediction [3–9] of muon anomalous magnetic moment,
∆aµ ≡ aExpµ − aSMµ = (28.7 ± 8.0) × 10−10, (1.1)
where aµ is the anomalous magnetic moment in the unit of e/2mµ. In the standard
model, contribution of W boson to the muon anomalous magnetic magnetic moment goes
as aWµ ∝ m2µ/M2W and we have aSMµ = 19.48 × 10−10 [10].
In minimal supersymmetric standard model (MSSM) [11, 12], we get contributions to muon
(g − 2) from neutralino-smuon and chargino-sneutrino loops. In all MSSM diagrams there
still exist a mµ suppression in (g − 2), arising from the following cases: (a) In case of bino
in the loop, the mixing between the left and right handed smuons is ∝ mµ (b) In case of
wino-higgsino or bino-higgsino in the loop, the higgsino coupling with smuon is ∝ yµ, so
there is a mµ suppression (c) In the case of chargino-sneutrino in the loop, the higgsino-
muon coupling is ∝ yµ, which again gives rise to mµ suppression. Therefor in MSSM
aMSSMµ ∝ m2µ/M2SUSY, where MSUSY is proportional to the mass of the SUSY particle in
the loop.
One can evade the muon mass suppression in (g − 2) with a horizontal gauge symmetry.
In [13] a horizontal U(1)Lµ−Lτ symmetry was used in which muon (g − 2) is proportional
to mτ and aµ ∝ mµmτ/m2Z′ , where Lµ − Lτ gauge boson mass mZ′ ∝ 100 GeV gives the
required aµ. A model independent analysis of the beyond SM particles which can give a
contribution to aµ is studied in [14]. The SM extension needed to explain muon (g−2) has
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also been related to dark matter [15, 16] and the implication of this new physics in LHC
searches has been studied [17]. An explanation of (g − 2) from the 4th generation leptons
has also been given in [18, 19].
The second experimental signal, which we address in this paper is the excess of positron
over cosmic-ray background, which has been observed by AMS-02 experiment [20] upto
energy ∼ 425 GeV [21]. An analysis of AMS-02 data suggests that a dark matter (DM)
annihilation interpretation would imply that the annihilation final states are either µ or τ
[23, 24]. The dark matter annihilation into e± pairs would give a peak in positron signal,
which is not seen in the positron spectrum. The branching ratio of τ decay to e is only 17%
compared to µ, which makes µ as the preferred source as origin of high energy positrons.
The AMS-02 experiment does not observe an excess, beyond the cosmic-ray background,
in the antiproton flux [25, 26], indicating a leptophilic dark matter [27, 28, 33].
In this paper, we introduce a 4th generation of fermions and a SU(2)HV vector gauge
symmetry between the 4th generation leptons and the muon families. In our model, the
muon (g−2) has a contribution from the 4th generation charged lepton µ′, and the SU(2)HV
gauge boson θ+,
∆aµ ∝
mµmµ′
M2
θ+
(1.2)
and from the neutral higgs scalars (h,A),
∆aµ ∝ mµ
mµ′
(1.3)
and from the charged higgs H± the contribution is,
∆aµ ∝ −
mµmνµ′
m2
H±
(1.4)
In all these cases, there is no quadratic suppression ∝ m2µ because of the horizontal sym-
metry. By choosing parameters of the model without any fine tunning, we can obtain the
required number ∆aµ = 2.87 × 10−9 within 1σ.
In this model, the 4th generation right-handed neutrino νµ′R, is identified as dark mat-
ter. The dark matter annihilates to the standard model particles through the SU(2)HV
gauge boson θ3 and with the only final states being (µ
+µ−) and (νcµ νµ). The stabil-
ity of DM is maintained by taking the 4th generation charged lepton to be heavier than
DM. To explain the AMS-02 signal [20, 21], one needs a cross-section (CS), σvχχ→µ+µ− =
2.33× 10−25cm3/sec, which is larger than the CS, σvχχ→SM ∼ 3× 10−26cm3/sec, required
to get the correct thermal relic density Ωh2 = 0.1199 ± 0.0027 [29, 30]. In our model, the
enhancement of annihilation CS of DM in the galaxy is achieved by the resonant enhance-
ment mechanism [31–33], which we attain by taking Mθ3 ≃ 2mχ.
This paper is organized as follows: In Sec.2, we describe the model. In Sec.3 we discuss
the dark matter phenomenology and in Sec.4, we compute the (g − 2) contributions from
this model and then give our conclusion in Sec.5.
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2 Model
In addition to the three generations of quarks and leptons, we introduce the 4th generation
of quarks (c′, s′) and leptons (ν ′µ, µ
′) (of both chiralities) in the standard model. We also
add three right-handed neutrinos and extend the gauge group of SM by horizontal symme-
try denoted by SU(2)HV , between the 4th generation lepton and muon families. Addition
of three right-handed neutrinos ensures that the model is free from SU(2) Witten anomaly
[34]. We assume that the quarks of all four generations and the leptons of e and τ fami-
lies are singlet of SU(2)HV to evade the constraints from flavour changing processes. The
SU(2)HV symmetry can be extended to e and τ families by choosing suitable discrete sym-
metries, however in this paper we have taken e and τ families to be singlet of SU(2)HV
for simplicity and discuss the most economical model, which can explain muon (g− 2) and
AMS-02 positron excess at the same time.
We denote the left-handed muon and 4th generation lepton families by ΨLiα and their
right-handed charged and neutral counterparts by ERα and NRα respectively (here i and α
are the SU(2)L and SU(2)HV indices respectively and run through the values 1 and 2). The
left-handed electron and tau doublets are denoted by ψeLi and ψτLi and their right-handed
counterparts by eR and τR respectively. The gauge fields of SU(2)L × U(1)Y × SU(2)HV
groups are denoted by Aaµ, Bµ and θ
a
µ (a = 1, 2, 3) with gauge couplings g, g
′ and gH re-
spectively.
The leptons transformations under the gauge group, SU(3)c×SU(2)L×U(1)Y ×SU(2)HV ≡
GSTD ×SU(2)HV are shown in Table.(1). From the assigned quantum numbers, it is clear
that the SU(2)HV gauge bosons connect only the leptons pairs, ψµL ↔ ψµ′L and (µR, νµR)↔
Particles GSTD × SU(2)HV Quantum numbers
ψeLi ≡ (νe, e) (1, 2,−1, 1)
ΨLiα ≡ (ψµ, ψµ′) (1, 2,−1, 2)
ψτLi ≡ (ντ , τ) (1, 2,−1, 1)
ERα ≡ (µR, µ′R) (1, 1,−2, 2)
NRα ≡ (νµR, νµ′R) (1, 1, 0, 2)
eR, τR (1, 1,−2, 1)
νeR, ντR (1, 1, 0, 1)
φi (1, 2, 1, 1)
ηβiα (1, 2, 1, 3)
χα (1, 1, 0, 2)
Table 1. Representation of the various fields in the model under the gauge groupGSTD×SU(2)HV .
(µ′R, ν
′
µR). This assignment prevents the flavour changing process like µ → eγ for which
there are stringent bounds, and also ensures the contribution of heavy lepton µ′ to the
muon (g − 2) as shown in Fig.(4). In our GSTD × SU(2)HV model, the gauge couplings of
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the muon and 4th generation lepton families are,
Lψ = iΨ¯Liαγµ
(
∂µ − i
2
gτ · Aµ + ig′Bµ − i
2
gHτ · θµ
)
ij;αβ
ΨLjβ
+ iE¯Rαγ
µ
(
∂µ + i2g
′Bµ − i
2
gHτ · θµ
)
αβ
ERβ + iN¯Rαγ
µ
(
∂µ − i
2
gHτ · θµ
)
αβ
NRβ
(2.1)
The “neutral-current” of SU(2)HV contributes to the annihilation process, (νµ′νµ′) →
θ∗3 → (µ+µ−), (νcµ νµ), which is relevant for the AMS-02 and relic density calculations. The
“charge-changing” vertex µµ′θ+, contributes to the (g − 2) of the muon.
To evade the bounds on the 4th generation from the higgs production at LHC, we extend
the higgs sector (in addition to φi) by a scalar η
β
iα, which is a doublet under SU(2) and
triplet under SU(2)HV . As a SU(2) doublet η
β
iα evades 4th generation bounds from the
overproduction of higgs in the same way as [35, 36], in that the 125 GeV mass eigenstate
is predominantly η which has no Yukawa couplings with the quarks. As ηβiα is a triplet
under SU(2)HV , its Yukawa couplings with the muon and 4th generation lepton families
split the masses of the muon and 4th generation leptons. We also introduce a SU(2)HV
doublet χα, which generates masses for SU(2)HV gauge bosons. The quantum numbers of
the scalars are shown in Table.(1). The general potential of this set of scalars (φi, η
β
iα, χα)
is given in [37]. Following [37], we take the vacuum expectation values (vevs) of scalars as,
〈φi〉 = 〈φ〉δi2,
〈ηβiα〉 = 〈η〉δi2(δα1δβ1 − δα2δβ2) (2.2)
|〈χ〉|2 = |〈χ1〉|2 + |〈χ2〉|2
where 〈φi〉 breaks SU(2)L, 〈χα〉 breaks SU(2)HV and 〈ηβiα〉 breaks both SU(2)L and
SU(2)HV and generate the TeV scale masses for SU(2)HV gauge bosons. The mass eigen-
states of the scalars will be a linear combination of φi, η
β
iα and χα. We shall assume that
the lowest mass eigenstate h1 with the mass ∼ 125 GeV is primarily constituted by ηβiα.
We shall also assume that the parameters of the higgs potential [37] are tuned such that
mixing between h1 and φi is small,
〈h1|φi〉 ≃ 10−2, (2.3)
The Yukawa couplings of 4th generation quarks are only with φi, therefore the 125 GeV
Higgs will have very small contribution from the 4th generation quarks loop.
The gauge couplings of the scalar fields φi, η
β
iα and χα are given by the Lagrangian,
Ls = |(∂µ − i
2
gτ ·Aµ − ig′Bµ)φ|2 + |(∂µ − i
2
gτ · Aµ − ig′Bµ − igHT · θµ)η|2
+ |(∂µ − i
2
gHτ · θ)χ|2 (2.4)
where τa/2 (a = 1, 2, 3) are 2 × 2 matrix representation for the generators of SU(2) and
Ta (a = 1, 2, 3) are 3×3 matrix representation for the generators of SU(2). After expanding
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Ls around the vevs defined in Eq.(2.2), the masses of gauge bosons come,
M2W =
g2
2
(2〈η〉2 + 〈φ〉2), M2Z =
g2
2
sec2θW (2〈η〉2 + 〈φ〉2), M2A = 0,
M2θ+ = g
2
H(4〈η〉2 +
1
2
〈χ〉2), M2θ3 =
1
2
g2H〈χ〉2 (2.5)
we tune the parameters in the potential such that the vevs of scalars are,
2〈η〉2 + 〈φ〉2 = (174 GeV)2
〈χ〉 = 22.7 TeV (2.6)
for the generation of large masses for 4th generation leptons µ′, νµ′ and SU(2)HV gauge
bosons θ+, θ3. The Yukawa couplings of the leptons are given by,
LY = −h1ψ¯eLiφieR − h˜1ǫijψ¯eLiφjνeR − h2Ψ¯LiαφiERα − h˜2ǫijΨ¯LiαφjNRα − k2Ψ¯LiαηβiαERβ
− k˜2ǫijΨ¯Liαηjβα NRβ − h3ψ¯τLiφiτR − h˜3ǫijψ¯τLiφjντR + h.c (2.7)
after corresponding scalars take their vevs as defined in Eq.(2.2), we obtain
LY = −h1ψ¯eL2〈φ〉eR − h˜1ψ¯eL1〈φ〉νeR − Ψ¯L2α[h2〈φ〉+ k2〈η〉(δα1 − δα2)]ERα
− Ψ¯L1α[h˜2〈φ〉+ k˜2〈η〉(δα1 − δα2)]NRα − h3ψ¯τL2〈φ〉τR − h˜3ψ¯τL1〈φ〉ντR
− h1ψ¯eLiφ′ieR − h˜1ǫijψ¯eLiφ′jνeR − Ψ¯Liα[h2φ′iδβα + k2η′βiα]ERβ
− Ψ¯Liα[h˜2ǫijφ′jδβα + k˜2ǫijη′jβα ]NRβ − h3ψ¯τLiφ′iτR − h˜3ǫijψ¯τLiφ′jντR + h.c (2.8)
where φ′i and η
′β
iα are the shifted fields. From Eq.(2.8), we see that the muon and 4th
generation leptons masses get split and are given by,
me = h1〈φ〉, mτ = h3〈φ〉, mνe = h˜1〈φ〉, mντ = h˜3〈φ〉
mµ = h2〈φ〉+ k2〈η〉, mνµ = h˜2〈φ〉+ k˜2〈η〉, (2.9)
mµ′ = h2〈φ〉 − k2〈η〉, mνµ′ = h˜2〈φ〉 − k˜2〈η〉,
Thus by choosing the suitable values of Yukawas, the required leptons masses can be
generated.
3 Dark Matter Phenomenology
In our model, we identify the 4th generation right-handed neutral lepton (ν ′µR ≡ χ) as the
dark matter, which is used to fit AMS-02 data [20, 21]. The only possible channels for
DM annihilation are into (µ+µ−) and (νcµ νµ) pairs (Fig.1). In this scenario for getting
the correct relic density, we use the Breit-Wigner resonant enhancement [31–33] and take
Mθ3 ≃ 2mχ. The annihilation CS can be tuned to be ∼ 10−26cm3s−1 with the resonant
enhancement, which gives the observed relic density. In principle the dark matter can
decay into the light leptons via SU(2)HV gauge boson θ
+ and scalar ηβiα, but by taking the
mass of 4th generation charged leptons µ′ larger than χ, the stability of dark matter can
be ensured.
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Parameters Numerical values
gH 0.087
yh 0.037
yA 0.020
yH± 0.1
mχ 700 GeV
mµ′ 740 GeV
Mθ3 1400 GeV
Mθ+ 1400 GeV
mH± 1700 GeV
mh 125 GeV
mA 150 GeV
δ 10−3
γ 10−4
Table 2. Bench mark set of values used in the model.
χ
χ
θ3 µ+, νcµ
µ−, νµ
gH
2 γ
α gH
2 γ
β
Figure 1. Feynman diagram of dark matter annihilation with corresponding vertex factor.
3.1 Relic density
The dark matter annihilation channels into standard model particles are, χχ → θ∗3 →
µ+µ−, νcµνµ. The annihilation rate of dark matter σv, for a single channel, in the limit of
massless leptons, is given by
σv =
1
16π
g4Hm
2
χ
(s−M2θ3)2 + Γ2θ3M2θ3
(3.1)
where gH is the horizontal gauge boson coupling, mχ the dark matter mass, Mθ3 and Γθ3
are the mass and the decay width of SU(2)HV gauge boson respectively. Since both of the
final states (νµ, µ) contribute in the relic density, the cross-section of Eq.(3.1) is multiplied
by a factor of 2 for relic density computation. The contributions to the decay width of θ3
comes from the decay modes, θ3 → µ+µ−, νcµνµ. The total decay width is given by,
Γθ3 =
2g2H
48π
Mθ3 (3.2)
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In the non-relativistic limit, s = 4m2χ(1 + v
2/4), then by taking into account the factor of
2, Eq.(3.1) simplifies as,
σv =
2
256πm2χ
g4H
(δ + v2/4)2 + γ2
(3.3)
where δ and γ are defined as M2θ3 ≡ 4m2χ(1− δ), and γ2 ≡ Γ2θ3(1− δ)/4m2χ. If δ and γ are
larger than v2 ≃ (T/Mχ)2, the usual freeze-out takes place, on the other hand if δ and γ
are chosen smaller than v2 then there is a resonant enhancement of the annihilation CS
and a late time freeze-out. We choose δ ∼ 10−3 and γ ∼ 10−4, so that we have a resonant
annihilation of dark matter. The thermal average of annihilation rate is given as [31–33],
〈σv〉(x) = 1
n2EQ
mχ
64π4x
∫
∞
4m2χ
σˆ(s)
√
sK1
(
x
√
s
mχ
)
ds, (3.4)
where,
n2EQ =
gi
2π2
m3χ
x
K2(x), (3.5)
σˆ(s) = 2g2imχ
√
s− 4m2χ σv, (3.6)
and where x ≡ mχ/T ; K1(x), K2(x) represent the modified Bessel functions of second
type and gi is the internal degree of freedom of DM particle. Using Eq.(3.3), Eq.(3.5) and
Eq.(3.6) in Eq.(3.4), it can be written as,
〈σv〉(x) = g
4
H
512m2χ
x3/2
π3/2
∫
∞
0
√
z Exp[−xz/4]
(δ + z/4)2 + γ2
dz (3.7)
where z ≡ v2. We solve the Boltzmann equation for Yχ = nχ/s,
dYχ
dx
= −λ(x)
x2
(Y 2χ (x)− Y 2χeq(x)) (3.8)
where
λ(x) ≡
( π
45
)1/2
mχMP l
(
g∗s√
g∗
)
〈σv〉(x) (3.9)
and where g∗ and g∗s are the effective degrees of freedom of the energy density and entropy
density respectively, with 〈σv〉 given in Eq.(3.7). We can write the Yχ(x0) at the present
epoch as,
1
Yχ(x0)
=
1
Yχ(xf )
+
∫ xs
xf
dx
λ(x)
x2
(3.10)
where the freeze-out xf is obtained by solving nχ(xf )〈σv〉 = H(xf ). We find that xf ∼ 30
and the relic density of χ is given by,
Ω =
mχs0Yχ(x0)
ρc
(3.11)
where s0 = 2890 cm
−3 is the present entropy density and ρc = h
21.9×10−29 gm/cm3 is the
critical density. We find that by taking gH = 0.087, δ ∼ 10−3 and γ ∼ 10−4 in Eq.(3.7),
we obtain the correct relic density Ωh2 = 0.1199± 0.0027, consistent with Planck [29] and
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WMAP [30] data. From gH and γ we can fix Mθ3 ≃ 1400 GeV and mχ ≃ 12Mθ3 ≃ 700
GeV. There is a large hierarchy between the fourth generation charged fermion mass and
the other charged leptons masses. We do not have any theory for the Yukawa couplings
and we take the mµ′ mass which fits best the AMS-02 positron spectrum and muon (g−2).
A bench mark set of values used in this paper for the masses and couplings is given in
Table.(2).
3.2 Comparison with AMS-02 and PAMELA data
The dark matter in the galaxy annihilates into µ+µ− and the positron excess seen at AMS-
02 [20, 21] appears from the decay of muon. We use publicly available code PPPC4DMID
[38, 39] to compute the positron spectrum
dN
e+
dE from the decay of µ pairs for 700 GeV dark
matter. We then use the GALPROP code [40, 41] for propagation, in which we take the
annihilation rate σvµ+µ− , and the positron spectrum
dN
e+
dE as an input to the differential
injection rate,
Qe+(E,~r) =
ρ2
2m2χ
〈σv〉µ+µ−
dNe+
dE
(3.12)
where ρ denotes the density of dark matter in the Milky Way halo, which we take to be
the NFW profile [42],
ρNFW = ρ0
rs
r
(
1 +
r
rs
)−2
, ρ0 = 0.4 GeV/cm
3, rs = 20 kpc, (3.13)
In GALPROP code [40, 41], we take the diffusion coefficient D0 = 3.6 × 1028cm2s−1 and
Alfven speed vA = 15 Kms
−1. We choose, zh = 4 kpc and rmax = 20 kpc, which are the
half-width and maximum size for 2D galactic model respectively. We choose the nucleus
spectral index breaks at 9 GeV and spectral index above this is 2.36 and below is 1.82. The
normalization flux of electron at 100 GeV is 1.25×10−8cm−2s−1sr−1GeV−1 and for the case
of electron, we take breaking point at 4 GeV and its injection spectral index above 4 GeV
is γel1 = 2.44 and below γ
el
0 = 1.6. After solving the propagation equation, GALPROP
[40, 41] gives the desired positron flux.
To fit the AMS-02 data, the input annihilation CS required in GALPROP is, σvχχ→µ+µ− =
2.33 × 10−25cm3s−1. The annihilation CS for µ final state from Eq.(3.1) is, σv ≈ 2.8 ×
10−25cm3s−1, which signifies that there is no extra “astrophysical” boost factor needed
to satisfy AMS-02 data. The annihilation rate required for relic density was 〈σv〉 ∼ 3 ×
10−26cm3/sec and the factor ∼ 10 increase in σv at the present epoch is due to resonant
enhancement by taking mχ ≃ 12Mθ3 . In Fig.(2), we plot the output of GALPROP code
and compare it with the observed AMS-02 [20, 21] and PAMELA [22] data. We see that
our positron spectrum fits the AMS-02 data [20, 21] very well. We also check the photon
production from the decay of µ final state by generating the γ-ray spectrum called
dNγ
dE from
publicly available code PPPC4DMID [38, 39] and propagating it through the GALPROP
code [40, 41]. We then compare the output with the observed Fermi-LAT data [43], as
shown in Fig.(3), and find that the γ-ray does not exceed the observed limits. There is
no annihilation to hadrons, so no excess of antiprotons are predicted, consistent with the
PAMELA [25] and AMS-02 [26] data.
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Figure 2. The positron flux spectrum compared with data from AMS-02 [20, 21] and PAMELA
[22]. The contributions of different channels (µL, µR) are shown for comparison.
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Figure 3. The γ-ray spectrum compared with data from Fermi Lat [43].
4 Muon Magnetic Moment
The SU(2)HV horizontal symmetry, which connects muon and 4th generation families,
gives extra contributions to muon (g − 2). The diagrams that contribute to muon (g − 2)
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µ µ
µ′ µ′
γ
η
µ(p) µ(p′)
µ′(p+ k) µ′(p′ + k)
γ(q)
µ µνµ′
η±
γ
η±
θ+(k)
(a) (b)
(c)
gH√
(2)
γα
gH√
(2)
γβ
eγµ
yh, yA yh, yA yH± yH±
eγµ eγµ
Figure 4. Feynman diagrams of scalar ηβiα and SU(2)HV gauge boson θ
+, which give contributions
to muon (g − 2).
with SU(2)HV charged gauge boson θ
+ and scalar ηβiα are shown in Fig.(4).
We first calculate the contribution from SU(2)HV gauge boson θ
+, which is shown in
Fig.4(c). For this diagram the vertex factor of the amplitude µ(p′)Γµµ(p)ǫ
µ is,
Γµ =
eg2H
2
∫
d4k
(2π)4
γβ
(/p′ + /k +mµ′)
(p′ + k)2 −m2µ′
γµ
(/p+ /k +mµ′)
(p+ k)2 −m2µ′
γα
gαβ
k2 −M2
θ+
(4.1)
we perform the integration and use the Gorden identity to replace,
(pµ + p
′
µ) = 2mµγµ + iσ
µνqν (4.2)
and identify the coefficient of the iσµνqν as the magnetic form factor. The contribution to
∆aµ is,
[∆aµ]θ+ =
m2µ
16π2
∫ 1
0
dx
g2H
(
2m′µ
mµ
(x− x2)− (x− x3)
)
(1− x)m2µ′ − x(1− x)m2µ + xM2θ±
(4.3)
In the limit of M2θ+ >> m
2
µ′ , we get the anomalous magnetic moment,
[∆aµ]θ+ =
g2H
8π2
(
mµmµ′ − 2/3m2µ
M2
θ+
)
(4.4)
we note that in Eq.(4.4), the first term is dominant which shows mµmµ′ enhancement in
the muon (g − 2).
In our model, the contribution from the neutral higgs η (CP-even h and CP-odd A) is
shown in Fig.4(a). The (g − 2) contribution of this diagram is [44],
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[∆aµ]h,A =
m2µ
8π2
∫ 1
0
dx
y2h(x
2 − x3 + mµ′mµ x2)
m2µx
2 + (m2µ′ −m2µ)x+m2h(1− x)
+
m2µ
8π2
∫ 1
0
dx
y2A(x
2 − x3 − mµ′mµ x2)
m2µx
2 + (m2µ′ −m2µ)x+m2A(1− x)
(4.5)
where yh, yA represent the Yukawa couplings of neutral CP-even and odd higgs respec-
tively and their masses are denoted by mh and mA respectively. We shall calculate the
contributions from the lightest scalars only, which give the larger contributions in compare
to heavy scalars. In the limits m2µ′ ≫ m2h, m2µ′ ≫ m2A, doing the integration in Eq.(4.5) we
get the anomalous magnetic moment,
[∆aµ]h,A =
1
8π2
(
3mµmµ′(y
2
h − y2A) +m2µ(y2h + y2A)
6m2µ′
)
(4.6)
In a similar way, the contribution from the mass eigenstate H± of charged higgs η±, shown
in Fig.4(b), is given by [44],
[∆aµ]H± =
m2µ
8π2
∫ 1
0
dx
y2H±
(
x3 − x2 + mνµ′mµ (x2 − x)
)
m2µx
2 + (m2
H±
−m2µ)x+m2νµ′ (1− x)
(4.7)
where yH± and mH± are the Yukawa coupling and mass of the charged higgs respectively.
We perform the integration (Eq.4.7) in the limit m2H± ≫ m2νµ′ , and get the anomalous
magnetic moment,
[∆aµ]H± = −
y2H±
8π2
(
3mµmνµ′ +m
2
µ
6m2
H±
)
(4.8)
So the complete contribution to muon (g − 2) in our model is given as,
∆aµ = [∆aµ]θ+ + [∆aµ]h,A + [∆aµ]H± (4.9)
As discussed before, in our model the lightest CP-even scalar h1 is mainly composed of η,
so we can write,
yh ∼ k2 cosα1 (4.10)
where α1 is the mixing angle between CP-even mass eigenstate h1 and gauge eigenstate
η, and k2 is the Yukawa coupling defined in Eq.(2.8). In the similar way, we assume that
lightest pseudoscalar A and charged higgs H± are also mainly composed of η, so that we
can write
yA ∼ k2 cosα2, yH± ∼ k˜2 cosα3 (4.11)
where α2 is the mixing angle between CP-odd scalars and α3 is the mixing angle between
the charged scalars. k˜2 denotes the Yukawa coupling defined in Eq.(2.8).
In the SU(2)H gauge boson sector, we take gH = 0.087, Mθ+ ≈ 1400 GeV (Mθ3 ≈ Mθ+),
which are fixed from the requirement of correct relic density and we take mµ′ = 740 GeV,
coming from the stability requirement of dark matter (mµ′ > mχ). After doing numerical
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calculation, we get [∆a]θ+ = 3.61 × 10−9.
The contribution from (h,A) scalars depend on the parameter k22 (cos
2α1− cos2α2), which
we assume to be≃ 10−3 and obtain [∆aµ]h,A = 0.82×10−9. For the charged scalar contribu-
tion, we assume k˜2 cosα3 = 0.1 andmH± = 1700 GeV and obtain [∆aµ]H± = −1.53×10−9.
Adding the contributions from θ+, (h,A) and H±, we get
∆aµ = 2.9× 10−9 (4.12)
which is in agreement with the experimental result [1, 2] within 1σ. To get the desired
value of muon (g − 2), we have to consider a large hierarchy between the neutral higgs
(mh ∼ 125 GeV, mA ∼ 150 GeV) and the charged higgs mH± ∼ 1700 GeV. These masses
have to arise by appropriate choices of the couplings in the higgs potential of (φi, η
β
iα, χα).
5 Result and Discussion
We studied a 4th generation extension of the standard model, where the 4th generation
leptons interact with the muon family via SU(2)HV gauge bosons. The 4th generation right-
handed neutrino is identified as the dark matter. We proposed a common explanation to
the excess of positron seen at AMS-02 [20, 21] and the discrepancy between SM prediction
[3–9] and BNL measurement [1, 2] of muon (g − 2). The SU(2)HV gauge boson θ+ with
4th generation charged lepton µ′ and charged higgs H±, give the required contribution
to muon (g − 2) to satisfy the BNL measurement [1, 2] within 1σ. The LHC constraints
on 4th generation quarks is evaded by extending the higgs sector as in [35, 36]. In our
horizontal SU(2)HV gauge symmetry model, we also explain the preferential annihilation
of dark matter to µ+µ− channel over other leptons and predict that there is no antiproton
excess, in agreement with PAMELA [25] and AMS-02 [26] data. Since the dark matter
has gauge interactions only with the muon family at tree level, we can evade the bounds
from direct detection experiments [45, 46] based on scattering of dark matter with the first
generation quarks.
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